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(57) ABSTRACT

A steered wheel support structure of a vehicle, includes a
knuckle member which supports an axle of a steered wheel
and a support member which 1s coupled to a vehicle body
and supports the knuckle member from a first side 1 a
vehicle width direction in such a manner that the knuckle
member 1s angularly displaceable around a steering axis
line, the knuckle member includes: an axle support section
which supports the axle; and two supported sections dis-
posed on both sides 1n the upward and downward direction,
of at least a portion of the axle support section, the two
supported sections facing each other and being apart from
cach other in the upward and downward direction, and the
two supported sections are supported by the support member
in such a manner that the two supported sections are
angularly displaceable around the steering axis line relative
to the support member.
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STEERED WHEEL SUPPORT STRUCTURE
OF VEHICLE

CROSS-REFERENCE TO THE RELATED
APPLICATION

This application claims priority to and the benefit of
Japanese Patent Application No. 2017-003033 filed on Jan.
12, 2017, the entire disclosure of which i1s incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a steered wheel support
structure of a vehicle.

Description of the Related Art

Japanese Laid-Open Patent Application Publication No.
2002-29481 discloses a straddle (straddle-type) vehicle of a

hub steering type, 1n which a steering bearing 1s disposed at
a hub position that 1s radially inward of a front wheel. In this
straddle vehicle, a holder block as a knuckle member
supporting the front wheel 1n such a manner that the front
wheel 1s rotatable 1s coupled to an arm member via the
steering bearing. The front wheel 1s supported by the arm
member, together with the holder block, in such a manner
that the front wheel 1s angularly displaceable around a
steering axis line.

In this straddle vehicle, as the size of the steering bearing
increases, the size of the knuckle member increases corre-
spondingly. With an increase in the size of the knuckle
member, 1t 15 necessary to prevent interference between the
knuckle member and other members disposed 1n a space
which 1s radially inward of the front wheel. This leads to

reduction of flexibility with which the straddle vehicle 1s
designed.

SUMMARY OF THE INVENTION

In view of the above-described circumstances, an object
of the present invention 1s to prevent an 1ncrease in the size
of a knuckle member 1n a steered wheel support structure of
a vehicle of a hub steering type.

To achieve the above-described object, the present inven-
tion provides a steered wheel support structure of a vehicle,
the steered wheel support structure comprising: a knuckle
member which supports an axle of a steered wheel 1n such
a manner that the axle 1s rotatable around an axle line; and
a support member which 1s coupled to a vehicle body and
supports the knuckle member from a first side 1n a vehicle
width direction 1n such a manner that the knuckle member
1s angularly displaceable around a steering axis line extend-
ing i an upward and downward direction, wherein the
knuckle member includes: an axle support section which
supports the axle; and two supported sections which are
disposed on both sides 1n the upward and downward direc-
tion, of at least a portion of the axle support section, the two
supported sections facing each other and being spaced apart
from each other in the upward and downward direction, and
wherein the two supported sections are supported by the
support member 1 such a manner that the two supported
sections are angularly displaceable around the steering axis
line relative to the support member.
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In accordance with this configuration, the two supported
sections of the knuckle member are disposed on both sides
in the upward and downward direction, of at least a portion
of the axle support section 1n such a manner that the
supported sections are spaced apart from each other and face
cach other 1in the upward and downward direction. There-
fore, the two supported sections are disposed to face a
portion of the axle of the steered wheel, namely, to overlap
with a portion of the axle in the forward and rearward
direction, when viewed from the upward and downward
direction. Since the two supported sections are disposed to
face a portion of the axle of the front wheel, 1t becomes
possible to reduce the protruding amount of the two sup-
ported sections from the axle in the forward and rearward
direction. Therefore, 1t becomes possible to prevent an
increase in the size of the knuckle member in the radial
direction of the steered wheel, and make the knuckle mem-
ber compact.

The two supported sections may include an upper sup-
ported section and a lower supported section, the upper
supported section may extend upward from the axle support
section along the steering axis line, the lower supported
section may extend downward from the axle support section
along the steering axis line, and the upper supported section
and the lower supported section may be supported by the
support member by use of bearings, respectively, which are
placed coaxially with the steering axis line 1n such a manner
that the upper supported section and the lower supported
section are angularly displaceable around the steering axis
line.

In accordance with this configuration, the upper supported
section extends upward from the axle support section, and
the lower supported section extends downward from the axle
support section. This makes i1t possible to prevent the
contour of the knuckle member from being radially away
from the axle, and to reduce the size of the knuckle member,
compared to a case where the upper supported section and
the lower supported section extend in the upward and
downward direction, from locations that are away (distant)
in the forward and rearward direction from the axle support
section.

At least one of the two supported sections may be
removably mounted on the axle support section. In accor-
dance with this configuration, the knuckle member can be
formed more easily than 1n a case where both of the two
supported sections are integrated with the axle support
section.

The knuckle member may include at least one section nto
which at least one of the two supported sections 1s insertable
in a steering axis line direction. In accordance with this
configuration, since at least one of the two supported sec-
tions 1s mserted into the mnsertion section 1n the steering axis
line direction, the supported section can be mounted on the
axle support section 1n a state 1n which the supported section
inserted mto the insertion section 1s positioned. Therefore,
an assembling work for the knuckle member can be easily
performed.

A displacement inhibiting element may be attached on the
knuckle member, from a second side in the vehicle width
direction to mhibit at least one of the two supported sections
mounted on the axle support section from being displaced
with respect to the axle support section.

In accordance with this configuration, a work for inhib-
iting at least one of the two supported sections from being
displaced with respect to the axle support section can be
casily performed, while preventing interference with the
support member.
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The steered wheel support structure of the vehicle may
turther comprise a rotary component coupling member

including an axle coupling section coupled to the axle, and
a rotary component coupling section to which a rotary
component rotatable around the axle line together with the
axle 1s coupled, the rotary component coupling section being
connected to the axle coupling section, and the two sup-
ported sections may be disposed inward 1n a radial direction
of the axle, relative to the rotary component coupling
member and the rotary component.

In accordance with this configuration, since the two
supported sections are disposed inward in the radial direc-
tion of the axle, relative to the rotary component coupling
member and the rotary component, 1t becomes possible to
prevent the supported sections from interfering with the
rotary component coupling member and the rotary compo-
nent.

The support member may support the knuckle member in
a cantilever manner from the first side 1n the vehicle width
direction, the rotary component coupling member may
include a steered wheel coupling section to which the
steered wheel 1s coupled, and the steered wheel may be
removably coupled to the steered wheel coupling section,
from the second side in the vehicle width direction.

In accordance with this configuration, since the steered
wheel 1s removably coupled to the steered wheel coupling
section, from a side opposite to a side where the support
member 1s located, a work for mounting and dismounting,
(detaching) the steered wheel can be easily performed while
preventing interference with the support member.

The knuckle member may include an angular displace-
ment member coupling section to which an angular displace-
ment member 1s coupled, the angular displacement member
being angularly displaceable around the steering axis line
together with the knuckle member, and the angular displace-
ment member coupling section may extend from the axle
support section to the first side in the vehicle width direction.

In accordance with this configuration, since the angular
displacement member coupling section extends from the
axle support section to the first side 1n the vehicle width
direction, a work for mounting and dismounting (detaching)
the steered wheel can be easily performed while preventing
interference with the angular displacement member.

In accordance with the inventions described above, 1t
becomes possible to prevent an increase 1n the size of the
knuckle member in a steered wheel support structure of a
vehicle of a hub steering type.

The above and further objects, features and advantages of
the present invention will more fully be apparent from the
tollowing detailed description of preferred embodiment with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a left side view showing main constituents of a
motorcycle according to one embodiment of the present
invention.

FIG. 2 1s a cross-sectional view showing a front wheel
support structure which 1s taken along a plane including a
steering axis line and an axle line of FIG. 1.

FIG. 3 1s a cross-sectional view showing the front wheel
support structure which 1s taken along a plane perpendicular
to the axle line of FIG. 1.

FI1G. 4 1s an exploded perspective view showing a knuckle
member of FIG. 1, when viewed from the left and the rear.

FIG. 5 1s an exploded perspective view showing members
which are arranged in the vicinity of an axle of FIG. 1.
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FIG. 6 1s a perspective view showing a front wheel of
FI1G. 1, when viewed from the left and the front.

FIG. 7 1s a left side view showing a front portion of a
support member of FIG. 1.

FIG. 8 1s a perspective view showing the motorcycle of
FIG. 1, when viewed from the right and the front.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Embodiment

Hereinatter, the embodiment of the present invention will
be described with reference to the drawings. Throughout the
drawings, the same or corresponding constituents are des-
ignated by the same reference symbols, and will not be
described repeatedly. The stated directions are from the
perspective of a rider straddling a motorcycle 1. Also, a first
side (one side) 1 a vehicle width direction and a first side 1n
a direction of an axle line QQ (axle line Q direction) corre-
spond with the left side of the motorcycle 1, and a second
side (the other side) in the vehicle width direction and a
second side 1n the axle line QQ direction correspond with the
right side of the motorcycle 1.

|[Front Wheel Support Structure of Motorcycle]

FIG. 1 1s a left side view showing main constituents of the
motorcycle 1 according to one embodiment of the present
invention. The motorcycle 1 1s an example of a straddle
vehicle (straddle-type vehicle) which 1s steered by the nder
straddling a seat. In the present embodiment, the motorcycle
1 includes a front wheel 3 which 1s a steered wheel, a rear
wheel which 1s a drive wheel, and a driving power source 3
which generates driving power provided to the drive wheel
to allow the motorcycle 1 to travel. The motorcycle 1 further
includes a vehicle body 2 which supports the front and rear
wheels, and the driving power source 5. The vehicle body 2
supports the front wheel 3 at 1ts front part, and the rear wheel
at 1ts rear part, and extends in a forward and rearward
direction. The vehicle body 2 supports the driving power
source 5 at a location that 1s between the front and rear
wheels. The vehicle body 2 1s provided with a seat placed at
a location that 1s above the dnving power source S5 and
between the front and rear wheels. In the present embodi-
ment, the driving power source 5 1s an engine for allowing
the motorcycle 1 to travel.

The vehicle body 2 supports an axle 14 of the front wheel
3. The vehicle body 2 supports the front wheel 3 1 such a
manner that the front wheel 3 1s angularly displaceable
around a steering axis line X extending upward and down-
ward (1in an upward and downward direction). During trav-
cling (driving) of the motorcycle 1, the front wheel 3 1is
steered by the rider so that 1t 1s angularly displaced around
the steering axis line X. In this way, a traveling direction of
the motorcycle 1 1s changed.

In the present embodiment, the motorcycle 1 has a front
wheel support structure 12 for supporting the tfront wheel 3
in such a manner that the front wheel 3 1s movable 1n the
upward and downward direction and 1s suspended from the
vehicle body 2. The front wheel support structure 12 1s of a
hub steering type. Specifically, a pair of steering bearings
(upper and lower steering bearings) 43 used to support the
axle 14 1n such a manner that the axle 14 can be steered. The
steering bearings 45 are disposed radially mnward of the
outer peripheral surface of the front wheel 3.

The front wheel support structure 12 includes a knuckle
member 33 and a support member 30. The knuckle member
33 supports the axle 14 of the front wheel 3 1n such a manner
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that the axle 14 1s rotatable around the axle line Q. The
support member 30 1s coupled to the vehicle body 2. The
support member 30 supports the knuckle member 33 1n such
a manner that the knuckle member 33 1s angularly displace-
able around the steering axis line X. In the present embodi-
ment, the support member 30 supports the knuckle member
33 1n a cantilever manner, from the first side 1n the vehicle
width direction. The knuckle member 33 1s disposed radially
inward of the outer peripheral surface of the front wheel 3,
when viewed from the vehicle width direction of the front
wheel 3.

The support member 30 1s indirectly coupled to the
vehicle body 2 via a pair of link mechanisms 31 included in
the front wheel support structure 12. The support member 30
1s elongated and extends i1n the forward and rearward
direction. The support member 30 supports the knuckle
member 33 at its front end portion and 1s coupled to the link
mechanism 31 at 1ts rear end portion. The rear end portion
of the support member 30 1s coupled to the link mechanism
31 1n such a manner that the support member 30 1s rotatable
(pivotable) around a pivot axis line set in the vehicle body
2 and extending i1n the vehicle width direction. In this
configuration, the front end portion of the support member
30 and the knuckle member 33 supported by the front end
portion of the support member 30 are movable in the upward
and downward direction, relative to the vehicle body 2.

The front end portion of the support member 30 extends
in parallel with and along the steering axis line X. This
structure makes 1t possible to prevent a situation 1n which the
support member 30 interferes with an upward/downward
extension portion 33¢ (described later) of the knuckle mem-
ber 33 during steering of the front wheel 3.

The steering axis line X 1s set with respect to the support
member 30. The steering axis line X extends 1n a direction
including a vertical direction. In the present embodiment,
the steering axis line X 1s mnclined in the forward and
rearward direction with respect to the vertical direction.
Specifically, the steering axis line X 1s inclined at an angle
0 with respect to a vertical line Z so that the steering axis line
X extends 1n a rearward direction as 1t extends 1n an upward
direction. Since the steering axis line X 1s set with respect to
the support member 30, the steering axis line X 1s displaced
relative to the vehicle body 2, according to the displacement
of the support member 30 relative to the vehicle body 2.

FIG. 2 1s a cross-sectional view showing the front wheel
support structure 12 which 1s taken along a plane including
the steering axis line X and the axle line Q of FIG. 1. As
shown 1 FIG. 2, the pair of steering bearings 45 are
interposed between the knuckle member 33 and the support
member 30. This allows the knuckle member 33 to be
supported by the support member 30 in such a manner that
the knuckle member 33 1s angularly displaceable around the
steering axis line X, relative to the support member 30. Also,
a pair ol axle supporting bearings 44 (heremafter will be
referred to as axle bearings 44) are mterposed between the
axle 14 and the knuckle member 33. This allows the axle 14
to be supported by the knuckle member 33 1n such a manner
that the axle 14 1s rotatable around the axle line Q.

The axle line Q 1s set with respect to the knuckle member
33. Thus, according to the displacement of the knuckle
member 33 relative to the vehicle body 2, the axle line Q 1s
displaced relative to the vehicle body 2. Therelfore, the axle
line QQ 1s angularly displaced relative to the vehicle body 2
according to the angular displacement of the knuckle mem-
ber 33 around the steering axis line X, and thus the direction
of the front wheel 3 coupled to the axle 14 around the
steering axis line X 1s changed. The knuckle member 33 1s
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angularly displaced around the steering axis line X by
steering torque transmitted from the rider to a steering
mechanism 11 (described later).

Steering members such as the knuckle member 33 and the
axle 14 are angularly displaced around the steering axis line
X, and their directions around the steering axis line X are
changed. Heremafiter, a state in which the axle line Q 1s
parallel to the vehicle width direction (e.g., straight-forward
traveling state) will be described, unless otherwise noted.
For example, the forward and rearward direction 1s defined
as a forward and rearward direction in a state in which the
axle 14 of the front wheel 3 extends 1n the vehicle width
direction. The direction parallel to the steering axis line X
will be referred to as the direction of the steering axis line
X (steering axis line X direction). The extending direction of
the axle 14 will be referred to as the direction of the axle line
Q (axle line Q direction).

A pair of protruding sections 30a, 306 (upper protruding
section 30q, lower protruding section 306) protruding
inward 1n the vehicle width direction from the remaining
portion of the support member 30 are provided at the tip end
portion of the support member 30. The pair of protruding
sections 30a, 305 serve to support the knuckle member 33.
The pair of protruding sections 30a, 305 are spaced apart
from each other in the steering axis line X direction. The
steering axis line X 1s set to pass through the upper and lower
protruding sections 30a, 306 of the support member 30. The
steering axis line X passes through the center of the front
wheel 3 1n the vehicle width direction (center of the front
wheel 3 1n the axle line Q direction) and lies within a virtual
plane perpendicular to the axle line Q.

FIG. 3 1s a cross-sectional view showing the front wheel
support structure 12 which 1s taken along a plane perpen-
dicular to the axle line Q of FIG. 1. In the present embodi-
ment, as shown 1n FIG. 3, the steering axis line X 1s deviated
from the axle line Q, within a virtual plane including the
steering axis line X and being perpendicular to the axle line
Q. In the present embodiment, the steering axis line X 1s set
to a location of the axle 14 that 1s rearward of the center axis
of the axle 14. In the present embodiment, when viewed
from the axle line Q direction, the steering axis line X 1s set
to a location of the axle 14 that 1s rearward at a minimum
distance d from the center axis of the axle 14, 1n the direction
perpendicular to the steering axis line X direction.

As described above, the steering axis line X 1s deviated
from the axle line Q and lies at a location that 1s rearward of
and close to the axle line Q. The steering axis line X 1s
placed on a plane perpendicular to the vehicle width direc-
tion, together with a stem axis line Y (described later).

As shown 1n FIG. 2, the protruding sections 30a, 3056 of
the support member 30 have through-holes, respectively,
penetrating the protruding sections 30a, 305 1n the steering
axis lime X direction. Each of the through-holes extends
coaxially with the steering axis line X and has a stepped
shape. Specifically, the through-hole formed in the upper
protruding section 30a 1s formed as a stepped cylindrical
space 1n which the diameter of an upper portion 1s larger than
that of a lower portion. The through-hole formed i1n the
lower protruding section 305 1s formed as a stepped cylin-
drical space in which the diameter of a lower portion 1s
larger than that of an upper portion. The through-holes are
formed as depressed (recessed) regions for allowing the
steering bearings 43 to be fitted into the protruding sections
30a, 3054, respectively. In other words, flanges 30¢ protrud-
ing radially mnward are formed in portions of the inner
peripheral surfaces of the protruding sections 30a, 305,
respectively, the portions being close to the axle 14.
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The upper steering bearing 45 1s inserted into the upper
protruding section 30aq from above the upper protruding
section 30a. An outer race of the upper steering bearing 45
1s positioned 1n such a manner that the lower end surface of
the outer race contacts the upper surface of the flange 30¢ of
the upper protruding section 30a. The outer peripheral
surface of the outer race of the upper steering bearing 45 1s
pressingly secured to the inner peripheral surface of the
upper protruding section 30a.

The lower steering bearing 45 1s mserted into the lower
protruding section 306 from below the lower protruding
section 30b. An outer race of the lower steering bearing 45
1s positioned 1n such a manner that the upper end surface of
the outer race contacts the lower surface of the flange 30c¢ of
the lower protruding section 30b. The outer peripheral
surface of the outer race of the lower steering bearing 45 1s
pressingly secured to the inner peripheral surface of the
lower protruding section 30a. Since the through-holes of the
protruding sections 30a, 305 are coaxial with the steering
axis line X, the pair of steering bearings 45 are also coaxial
with the steering axis line X.

The knuckle member 33 1s secured to mner races of the
pair of steering bearings 45. The mner races and outer races
of the pair of steering bearings 45 are angularly displaceable
around the steering axis line X. This allows the knuckle
member 33 to be angularly displaceable around the steering,
axis line X relative to the support member 30.

The knuckle member 33 includes an axle support section
33a for supporting the axle 14. The axle support section 33a
has an annular shape in which an msertion hole 1s formed in

an iner peripheral portion thereof. The axle 14 1s nserted
into the 1nsertion hole. The insertion hole 1s coaxial with the
axle line Q. The insertion hole 1s formed as a depressed
(recessed) region for allowing the pair of axle bearings 44 to
be fitted into the axle support section 33a.

The 1mmner peripheral surface of the axle support section
33a 1s formed with a pair of flanges 33v, protruding inward
in the radial direction of the axle support section 33a, from
the remaining portion of the axle support section 33a. The
outer races of the pair of axle bearings 44 are positioned 1n
such a manner that the mner end surfaces in the vehicle
width direction of the outer races contact the pair of flanges
33v, respectively. The outer peripheral surfaces of the outer
races of the pair of axle bearings 44 are pressingly secured
to the inner peripheral surface of the axle support section
33a.

As described above, 1n the present embodiment, the pair
ol axle bearings 44 are fitted 1nto the 1nsertion hole of the
axle support section 33a. The pair of axle bearings 44 are
disposed 1n such a manner that the steering axis line X 1s
interposed between the pair of axle bearings 44 and the pair
of axle bearings 44 are spaced apart from each other 1n the
axle line Q direction. The pair of flanges 33v of the axle
support section 33a are closer to the steering axis line X than
the palr ol axle bearings 44, respectively. In this structure,
the pair of axle bearings 44 are inserted into the insertion
hole of the axle support section 33a, from both sides 1n the
axle line Q direction. Since the isertion hole of the axle
support section 33a 1s coaxial with the axle line Q, the pair
of axle bearings 44 are also disposed coaxially with the axle
line Q.

The axle 14 1s secured to the inner races of the pair of axle
bearings 44. Since the mner races and outer races of the pair
of axle bearings 44 are relatively displaceable around the
axle line Q, the axle 14 1s rotatable around the axle line Q
relative to the knuckle member 33.
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Specifically, the axle 14 1s a hollow shait member. The
axle 14 includes a body 14c¢, an increased-diameter portion
14a, and a reduced-diameter portion 145. The body 14c
extends 1n the axle line Q direction. The both end portions
of the body 14¢ 1n a lengthwise direction are secured to the
inner races ol the pair of axle bearings 44, respectively.

The increased-diameter portion 14a 1s provided in the
axle 14, on the first side (one side) in the axle line Q
direction. The increased-diameter portion 14a has an outer
diameter larger than that of the body 14¢. A stepped portion
1s formed between the body 14¢ and the increased-diameter
portion 14a. The end surface of the increased-diameter
portion 14a, the end surface being closer to the steering axis
line X, 1s 1n contact with the end surface of the inner race of
the axle bearing 44 on the first side 1n the axle line Q
direction, the end surface being on the first side 1n the axle
line Q direction. In this way, the increased-diameter portion
14a 1s positioned.

The reduced-diameter portion 145 1s provided 1n the axle
14, on a second side (the other side) in the axle line Q
direction. The reduced-diameter portion 145 has an outer
diameter smaller than that of the body 14¢. The reduced-
diameter portion 145H 1s mserted nto a through-hole formed
in an inner member 46 (described later). Between the body
14¢ and the reduced-diameter portion 145, there 1s formed
an inclined portion with a slope extending in a downward
direction from the first side toward the second side 1n the
axle line Q direction. This inclined portion 1s configured to
contact the inner peripheral surface of the through-hole of
the mner member 46. In thus way, the reduced-diameter
portion 145 1s positioned.

A ring member 48 1s disposed on the outer peripheral
surface of the reduced-diameter portion 14b. Specifically,
the 1inner peripheral surface of the ring member 48 1s formed
with a male thread, while the outer peripheral surface of the
reduced-diameter portion 146 1s formed with a female
thread. The female thread of the reduced-diameter portion
145 1s threadingly engaged with the male thread of the ring
member 48. In this way, the ring member 48 1s disposed on
the outer peripheral surface of the reduced-diameter portion
145.

As the female thread of the reduced-diameter portion 145
1s threadingly engaged with the male thread of the ring
member 48, the periphery of the through-hole of the inner
member 46 1s pressed against the inclined portion of the
reduced-diameter portion 145. In this way, the mner races of
the pair of axle bearings 44 are positioned by use of the pair
of flanges 33v as spacers. It should be noted that the axle 14
1s preferably formed with a key groove for preventing the
rotation of the iner member 46 around the axle line Q
relative to the axle 14.

The knuckle member 33 includes two supported sections
33b, 33¢ provided on both sides 1n the upward and down-
ward direction of at least a portion of the axle support
section 33a¢ 1n such a manner that the supported sections
33bH, 33¢ are spaced apart from each other and face each
other in the upward and downward direction. The two
supported sections 335, 33¢ are formed as cylindrical shait
members, respectively. The two supported sections 335, 33¢
are formed separately from the axle support section 33q and
coupled to the axle support section 33a. The two supported
sections 33b, 33c¢ are supported by the support member 30
in such a manner that the supported sections 335, 33¢ are
angularly displaceable around the steering axis line X rela-
tive to the support member 30.

Specifically, the upper and lower supported sections 335,
33¢ are secured to the inner races of the pair of steering




US 10,427,748 B2

9

bearings 43, respectively. The upper supported section 335
extends upward from the axle support section 33a along the
steering axis line X. The lower supported section 33c¢
extends downward from the axle support section 33a along
the steering axis line X. The two supported sections 335, 33¢
extend coaxially with the steering axis line X.

The two supported sections 335, 33¢ are supported by the
support member 30 by use of the pair of steering bearings
45, respectively 1n such a manner that the supported sections
335, 33¢ are angularly displaceable around the steering axis
line X, relative to the support member 30. The two supported
sections 335, 33¢ of the knuckle member 33 are sections
supported by the support member 30 by use of the pair of
steering bearings 45.

As shown 1n FIG. 3, the two supported portions 335, 33¢
are disposed with the axle 14 interposed between them 1n
such a manner that the supported portions 3356, 33¢ are
spaced apart from each other and face each other in the
steering axis lmme X direction. When viewed from the
steering axis line X direction, the axle support section 33a
and the supported sections 335, 33¢ are located inward of the
front wheel 3 1n the vehicle width direction.

At least one of the two supported sections 335, 33¢ has a
region overlapping with a portion of the axle 14, when
viewed from the upward and downward direction. Also, at
least one of the two supported sections 335, 33¢ has a region
overlapping with a portion of the axle support section 33a,
when viewed from the upward and downward direction.

At least one of the two supported sections 335, 33¢ has a
region overlapping with a portion of the axle 14, when
viewed Irom the steering axis line X direction. Also, at least
one ol the two supported sections 33b, 33¢ has a region
overlapping with a portion of the axle support section 33a,
when viewed from the steering axis line X direction.

In the present embodiment, the supported sections 335,
33c¢ are located closer to the axle line Q than a portion of the
axle support section 334, the portion being most distant in a
rearward direction from the axle line Q, in the direction
perpendicular to the axle line Q of FIG. 3.

In the present embodiment, when viewed from the axle
line Q direction, a virtual line passing through the axle line
Q and extending in parallel with the steering axis line X,
passes through a portion of the supported sections 335, 33c.
In the present embodiment, when viewed from the axle line
Q direction, the supported sections 335, 33¢ are located
forward of a virtual line passing through the rear end of the
axle support section 33q and extending in parallel with the
steering axis line X. Also, when viewed from the axle line
QQ direction, the supported sections 335, 33¢ are located
rearward of a virtual line passing through the front end of the
axle support section 33q and extending in parallel with the
steering axis line X.

In the present embodiment, the lower supported section
33¢ has a region located forward of a virtual line passing
through the axle 14 and extending in the vertical direction.
When viewed from the axle line Q direction, the upper
supported section 335 1s located rearward of the virtual line
passing through the axle 14 and extending in the vertical
direction.

At least one of (both in the present embodiment) the two
supported sections 335, 33c¢ 1s removably (detachably)
mounted on the axle support section 33a. As shown FIG. 2,
cach of the supported sections 33b, 33¢ has a bottomed
cylinder shape with a bottom located closer to the axle 14.

Each of the supported sections 335, 33¢ includes a body
330, a male thread 33x, and a flange 33y. The body 330 has
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first side 1n 1ts axial direction. The body 330 extends 1n the
steering axis line X direction.

The male threads 33x of the supported sections 335, 33¢
have the same shape. The flanges 33y of the supported
sections 335, 33¢ have the same shape. The male thread 33x
1s connected to a first end portion of the body 330 in the axial
direction. The flange 33y 1s connected to a second end
portion of the body 330 in the axial direction. The male
thread 33x 1s provided at a first end portion of each of the
supported sections 335, 33c¢, the first end portion being
closer to the axle 14, 1n a state in which each of the supported
sections 33b, 33¢ 1s mounted on the axle support section
33a. The male thread 33x 1s coaxial with the body 330. The
male thread 33x has a diameter smaller than that of the body
330. The male thread 33x protrudes from the body 330
toward the axle 14.

The flange 33y 1s provided at a second end portion of each
of the supported sections 335, 33¢, the second end portion
being located on a side opposite to a side where the male
thread 33x 1s located, in a state 1n which each of the
supported sections 335, 33¢ 1s mounted on the axle support
section 33a. The flange 33y 1s formed by partially increasing
the outer diameter of the body 330. The end surface of the
flange 33y of the upper supported section 33H, the end
surface being closer to the axle 14, 1s configured to contact
the upper end surface of the iner race of the upper steering
bearing 45. The end surface of the flange 33y of the lower
supported section 33¢, the end surface being closer to the
axle 14, 1s configured to contact the lower end surface of the
inner race of the lower steering bearing 45.

The knuckle member 33 1s formed with 1nsertion
section(s) 334 into which at least one (both in the present
embodiment) of the two supported sections 335, 33c¢ 1is
insertable. Specifically, each of the msertion sections 334 1s
integrated with the axle support section 33a. Fach of the
insertion sections 334 has a tubular shape in which 1t
protrudes from the axle support section 33a 1n the steering
axis line X direction.

Each of the isertion sections 334 1s formed with an
opening into which the end portion of the corresponding one
of the supported sections 335, 33c¢, the end portion being
closer to the axle 14, 1s insertable. The opening formed 1n
cach of the msertion sections 334 has a diameter for allow-
ing the body 330 of the corresponding one of the supported
sections 33b, 33¢ to be mserted thereinto. The opening 1s
coaxial with the steering axis line X.

The bottom of the opening of each of the insertion
sections 33d 1s formed with a female thread 33w which 1s
threadingly engageable with the male thread 33x of the
corresponding one of the supported sections 335, 33c. A
thread hole formed in the female thread 33w extends to an
insertion hole formed in the axle support section 33a. The
thread hole of the female thread 33w i1s coaxial with the
steering axis line X. A dimension in a height direction, of the
tubular portion of the insertion section 33d, 1s greater than
the axial length of the male thread 33x.

The body 330 has an axial dimension larger than that of
the steering bearing 45. The protruding sections 30a, 3056
have a dimension 1n the steering axis line X direction which
1s larger than that of the upper and lower 1nsertion sections
33d.

A distance 1n the steering axis line X direction between
the protruding sections 30a, 305 of the support member 30
1s set larger than a distance in the steering axis line X
direction from the upper end surface of the upper 1nsertion
section 33d to the lower end surface of the lower 1nsertion
section 33d. In thus structure, there are gaps 1n the steering
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axis line X direction, between the upper end surface of the
upper nsertion section 334 and the protruding section 30a,
and between the lower end surface of the lower insertion
section 334 and the protruding section 3056. Therefore, 1n a
state 1n which the supported sections 335, 33¢ are detached
(dismounted) from the axle support section 33a, the axle
support section 33a can be placed between the protruding
sections 30a, 3056 of the support member 30, without inter-
terence with the protruding sections 30a, 305b.

The body 330 of each of the supported sections 335, 33¢
has an axial dimension larger than a dimension which 1s a
sum of the dimension 1n the height direction of the tubular
portion of the msertion section 334 and the axial dimension
of the inner race of the steering bearing 45. This allows the
body 330 to be retained in the inner race of the steering
bearing 45 1n a state in which the body 330 is inserted 1nto

the 1nsertion section 334

Next, a procedure for coupling the knuckle member 33 to
the support member 30 will be described. As shown 1n FIG.
2, the pair of steering bearings 45 are inserted into the
protruding sections 30a, 305 of the support member 30,
respectively. Then, the msertion sections 334 of the knuckle
member 33 are disposed coaxially with the steering axis line
X set 1n the protruding sections 30a, 305.

Then, the upper supported section 335 1s inserted along
the steering axis line X direction, from a position above the
support member 30. The male thread 33x which 1s the tip end
portion 1n an inserting direction, of the upper supported
section 33b, passes through the through-hole of the upper
protruding section 30q, and the upper supported section 335
1s guided to the tubular portion of the 1nsertion section 33d.
This makes 1t possible to prevent a position deviation
(position gap) 1n the direction perpendicular to the steering
axis line X direction, between the support member 30 and
the knuckle member 33.

The upper supported section 335 i1s further inserted 1n the
downward direction, and the male thread 33x contacts the
female thread 33w of the insertion section 33d. In this state,
the upper supported section 335 1s rotated around the
steering axis line X. Thus, the male thread 33x 1s threadingly
engaged with the female thread 33w, and threading pro-
gresses. The end surface of the body 330 of the upper
supported section 335, the end surface being radially adja-
cent to the male thread 33x, contacts the bottom surface of
the isertion section 33d. Thereby, the upper supported
section 335 1s positioned 1n the steering axis line X direction.
In this way, the upper supported section 335 1s mounted on
the axle support section 33a.

Then, the lower supported section 33¢ 1s inserted along
the steering axis line X direction, from a position below the
support member 30. The male thread 33x which 1s the tip end
portion in the inserting direction, of the lower supported
section 33c¢, passes through the through-hole of the lower
protruding section 305, and the lower supported section 33¢
1s guided to the tubular portion of the insertion section 334.
The lower supported section 33¢ 1s further inserted in the
upward direction and rotated around the steering axis line X.
Thus, the male thread 33x 1s threadingly engaged with the
temale thread 33w, and threading progresses. In a state 1n
which the end surface of the body 330 of the lower sup-
ported section 33¢, the end surface being radially adjacent to
the male thread 33x, 1s apart {from the bottom surface of the
insertion section 33d, the lower supported section 33c¢ 1s
positioned in the steering axis line X direction. In this way,
the lower supported section 33¢ 1s mounted on the axle
support section 33a.
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In the above-described manner, the axle support section
33a and the support member 30 are coupled to each other via
the supported sections 335, 33¢. This allows the knuckle
member 33 to be supported by the support member 30 1n
such a manner that the knuckle member 33 1s angularly
displaceable around the steering axis line X relative to the
support member 30. The flange 33y of the upper supported
section 335 contacts the upper end surface of the iner race
of the upper steering bearing 45, and the flange 33y of the
lower supported section 3356 contacts the lower end surface
of the inner race of the lower steering bearing 45. This
makes 1t possible to prevent a position deviation (position
gap) 1n the steering axis line X direction, between the axle
support section 33a and the support member 30.

The end surface of the body 330 of the upper supported
section 335H, the end surface being radially adjacent to the
male thread 33x contacts the bottom surface of the insertion
section 33d. In this structure, 1n a case where an upward
external force from a ground surface acts on the front wheel
3, it becomes possible to suppress concentration of a stress
while this external force 1s transmitted from the axle support
section 33qa to the upper supported section 33b. As a result,
the front wheel 3 can be easily supported.

As described above, 1n the motorcycle 1, the two sup-
ported sections 335, 33¢ are disposed on both sides in the
upward and downward direction of at least a portion of the
axle support section 33a 1n such a manner that the supported
sections 335b, 33c¢ are spaced apart from each other and face
cach other 1 the upward and downward direction. There-
fore, the two supported sections 335, 33¢ are disposed to
face a portion of the axle 14 of the front wheel 3, namely, to
overlap with a portion of the axle 14 in the forward and
rearward direction, when viewed from the upward and
downward direction. Since the two supported sections 335,
33c¢ are disposed to face a portion of the axle 14 of the front
wheel 3 1n this way, 1t becomes possible to reduce the
protruding amount of the two supported sections 335, 33c¢
which protrude from the axle 14 in the forward and rearward
direction.

Since the two supported sections 335, 33¢ are disposed 1n
such a manner that they are spaced apart {from each other and
face each other in the upward and downward direction, a
distance 1n the upward and downward direction between the
two supported sections 335, 33¢ can be set larger than the
dimension 1n the upward and downward direction of the axle
support section 33a. As a result, the knuckle member 33 can
be more stably supported by the support member 30.

Theretore, the size of the knuckle member 33 1n the radial
direction of the front wheel 3 does not increase. The knuckle
member 33 can be made compact. In addition, stifiness of
the two supported sections 33b, 33¢ supported by the
support member 30 can be increased.

The two supported sections 335, 33¢ are spaced apart
from each other in the upward and downward direction and
individually configured. In this configuration, the axle 14
can be placed between the upper and lower supported
sections 335, 33¢, and the two supported sections 335, 33¢
are allowed to approach the axle 14 in the forward and
rearward direction. The upper supported section 335 extends
upward from the axle support section 33a, and the lower
supported section 33c¢ extends downward from the axle
support section 33a. This makes 1t possible to prevent the
contour of the knuckle member 33 from being radially away
from the axle 14, and to reduce the size of the knuckle
member 33, compared to a case where the upper supported
section 335 and the lower supported section 33¢ extend 1n
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the upward and downward direction from locations that are
away 1n the forward and rearward direction from the axle
support section 33a.

Since the two supported sections 335, 33¢ are supported
by the support member 30 by use of the steering bearings 45
disposed coaxially with the steering axis line X in such a
manner that the supported sections 3356, 33¢ are angularly
displaceable around the steering axis line X, the knuckle
member 33 can be sufliciently supported by the support
member 30 in such a manner that the knuckle member 33 1s
angularly displaceable around the steering axis line X.

Since the two supported sections 335, 33¢ are removably
(detachably) mounted on the axle support section 33a, the
knuckle member 33 can be made compact, and easily
formed, compared to a case where both of the two supported
sections 335, 33¢ are integrated with the axle support section
33a.

In a state 1n which the two supported sections 335, 33¢ are
removed (detached) from the axle support section 33qa, the
axle support section 33a can be disposed between the upper
and lower protruding sections 30qa, 3056, and the axle support
section 33a can be aligned with the protruding sections 30a,
300 along the steering axis line X. In this state, the two
supported sections 335, 33¢ are mounted on the axle support
section 33a and are retained by the support member 30.

After the alignment between the axle support section 33a
and the support member 30, the two supported sections 335,
33¢ can be mounted on the axle support section 33a. This
allows the operator to easily perform a mounting work while
preventing interference with the supported sections 335,
33¢, compared to a case where the supported sections 335,
33¢ are integrated with the axle support section 33a.

Since the knuckle member 33 includes the insertion
section(s) 334, and at least one of the two supported sections
335, 33¢ 1s inserted into the insertion section 334 in the
steering axis line X direction, the supported section(s) 335,
33¢ can be mounted on the axle support section 334, 1n a
state 1n which the supported section(s) 335, 33¢ inserted 1into
the msertion section(s) 33d 1s/are positioned. This allows the
operator to easily perform an assembling work for the
knuckle member 33.

FIG. 4 1s an exploded perspective view showing the
knuckle member 33 of FIG. 1, when viewed from the left
and the rear. As shown in FIG. 4, each of the two supported
sections 335, 33¢ 1s formed with a groove 33z. The groove
33z 1s formed 1n the body 330. The groove 33z 1s formed as
a depressed (recessed) region which 1s depressed radially
inward from the remaining portion of the body 330. The
groove 33z 1s formed over the entire circumierence of the
body 330 around the steering axis line X. The groove 33z 1s
formed 1n a region of the body 330 which faces the 1nsertion
section 334, 1n a state 1n which each of the two supported
sections 335, 33c¢ is inserted 1nto the corresponding 1nsertion
section 334.

The flange 33y has a non-circular periphery when viewed
from the steering axis line X direction. Specifically, a
plurality of regions which are depressed inward in the radial
direction of the supported sections 335, 33¢ are formed 1n
the outer periphery of the flange 33¢ 1n such a manner that
these depressed regions are apart from each other in the
flange 33y 1n a circumierential direction. In this structure, a
flange operation jig (tool) 1s engaged with these depressed
region of the flange 33y, and the male thread 33x can be
threadingly engaged with the female thread 33w

In the present embodiment, the msertion section 33d 1s
formed with a slit 33z at a circumierential position (rear
portion 1n the present embodiment) of the tubular portion.
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The slit 33« radially penetrates the msertion section 334 and
extends 1n the vehicle width direction. The slit 33« extends
to an end portion of the msertion section 334 which 1s closer
to the opening and 1s opened 1n the steering axis line X
direction. Because of the slit 33«, the cross-section of the
insertion section 334 which 1s perpendicular to the steering
axis line X direction has a substantially-C shape, and an
iner space and an outer space of the mnsertion section 33d
are 1n communication with each other in the radial direction.
In other words, the insertion section 334 has a first end
portion 1n the circumierential direction and a second end
portion 1n the circumierential direction which are adjacent to
the slit 33w

The knuckle member 33 1s attached with a displacement
inhibiting element for inhibiting a displacement with respect
to the axle support section 33qa, of at least one (both 1n the
present embodiment) of the two supported sections 335, 33¢
mounted on the axle support section 33a. Specifically, the
knuckle member 33 includes displacement inhibiting sec-
tions 33e. The displacement inhibiting sections 33e corre-
spond to the two supported sections 335, 33¢, respectively.
In other words, the displacement inhibiting sections 33e are
formed 1n the pair of 1nsertion sections 33d, respectively.

The pair of displacement inhibiting sections 33e are
located rearward of the axle support section 33a. The pair of
displacement inhibiting sections 33e are spaced apart from
cach other in the upward and downward direction. The pair
of displacement inhibiting sections 33e are integrated with
the axle support section 33a.

Each of the pair of displacement inhibiting sections 33e
includes a first portion which 1s connected to a first end
portion of the insertion section 334 in the circumierential
direction and extends rearward from the first end portion,
and a second portion which 1s connected to a second end
portion of the insertion section 334 in the circumierential
direction and extends rearward from the second end portion.
The first portion and the second portion face each other with
a gap 1n the circumierential direction 1n such a manner that
the first and second portions are spaced apart from each
other 1n the circumierential direction of the 1nsertion section
33d. By a first displacement inhibiting element attached on
cach of the pair of displacement inhibiting sections 33e, the
first portion and the second portion are deformed in the
circumierential direction to approach each other. According
to the deformation of the first portion and the second portion,
the 1nsertion section 334 connected to the first and second
portions 1s deformed so that its diameter 1s reduced.

In the present embodiment, the pair of first and second
portions are formed with female threads 33m, respectively,
penetrating the first and second portions along the circum-
terential direction. The first displacement 1nhibiting element
1s threadingly engaged with the female threads 33m of the
pair of first and second portions, from the second side 1n the
vehicle width direction, namely, a side opposite to a side
where the support member 30 1s located. In the present
embodiment, the first displacement inhibiting element 1s a
bolt B1.

Each of the insertion sections 33d 1s formed with a
through-hole penetrating the peripheral wall of the tubular
portion, at a location on the second side in the vehicle width
direction. A second displacement inhibiting element 1is
attached on each of the insertion sections 334. The second
displacement inhibiting element 1s inserted into the through-
hole and protrudes into the inner space of the insertion
section 33d. Specifically, each of the insertion sections 33d
1s formed with a female thread 337» penetrating the periph-
eral wall of the tubular portion, at a location that 1s on the
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second side 1n the vehicle width direction. A screw B2 as the
second displacement inhibiting element 1s threadingly
engaged with the female thread 337, from the second side of
the knuckle member 33 in the vehicle width direction. The
screw B2 1s protrusive into the mner space of the insertion
section 33d.

As should be appreciated from the above, the first and
second displacement inlibiting elements are disposed at
locations of the knuckle member 33 on a side (on the second
side 1n the vehicle width direction) opposite to a side where
the support member 30 1s located, with the steering axis line
X 1nterposed, 1n a state in which the knuckle member 33 1s
mounted on the support member 30.

As the bolts B1 are threadingly engaged with the female
threads 33m of the displacement 1nhibiting sections 33e, and
the threading progresses, 1n a state 1n which the supported
sections 335, 33¢ are 1nserted 1nto the 1insertion sections 334,
respectively, and the male threads 33x are threadingly
engaged with the female threads 33w, respectively, the pair
of first and second portions of each of the isertion sections
334 move and approach each other, so that the diameter of
the opening of each of the insertion sections 334 1s reduced.
This allows the two supported sections 335, 33c¢ to sealingly
contact the peripheries of the openings of the insertion
sections 33d, respectively, and secured to the insertion
sections 33d, respectively.

As the screws B2 are threadingly engaged with the female
threads 33# of the 1insertion sections 334, the tip end portions
of the screws B2 are disposed inside the grooves 33z,
respectively. The screws B2 can inhibit a displacement of
the two supported sections 335, 33¢ 1n the steering axis line
X direction.

In the above-described manner, 1n a state 1n which the axle
support section 33a 1s coupled to the support member 30 by
the two supported sections 335, 33¢, the first and second
displacement inhibiting elements inhibit a displacement
between the two supported sections 3356, 33¢ and the axle
support section 33a. This makes 1t possible to prevent the
two supported sections 335, 33¢ from being disengaged
from the insertion sections 334. In this way, the knuckle
member 33 can be firmly fastened to the support member 30.

Since the first and second displacement inhibiting ele-
ments are threadingly engaged to inhibit the displacement
between the supported sections 335, 33¢ and the axle
support section 33a (a displacement inhibiting work 1s
performed), from a side opposite to the side where the
support member 30 1s located, 1t becomes possible to prevent
a situation in which the displacement inhibiting elements
and the tool used for threading the displacement inhibiting
clements interfere with the support member 30. Therefore,
the operator can easily perform the displacement inhibiting,
work.

The displacement inhibiting sections 33e are disposed at
the center of the knuckle member 33 1n the vehicle width
direction. In other words, the displacement inhibiting sec-
tions 33e are disposed inward 1n the axle line Q direction,
relative to the end surface of the axle support section 334 in
the axle line Q direction. In this layout, 1t become possible
to prevent the both end portions of the bolt B1 as the first
displacement 1nhibiting element from protruding from the
axle support section 33a¢ 1n the axle line Q direction.
Therefore, 1t become possible to prevent interference
between the bolt B1 and adjacent members such as the
support member 30.

The screw B2 as the second displacement inhibiting
clement 1s preferably buried 1nto the msertion section 334 1n
a state 1 which 1ts threaded portion has a largest outer
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diameter 1n the radial direction. This makes it possible to
prevent the screw B2 from protruding in the axle line Q)
direction from the axle support section 33a. Therefore, 1t
become possible to prevent interference between the screw
B2 and the adjacent member such as the support member 30.

Each of the displacement imnhibiting sections 33e extends
rearward from the corresponding insertion section 33d. With
this structure, the displacement inhibiting section 33e can be
formed independently of a portion extending forward from
the axle support section 33a. Thus, design tlexibility can be
improved.

In a case where the knuckle member 33 1s mounted on the
support member 30, the bolt B1 1s threadingly engaged with
the female thread 33m and the screw B2 i1s threadingly
engaged with the female thread 337, from the second side 1n
the vehicle width direction. This allows the operator to
casily perform the displacement inhibiting work for at least
one of the two supported sections 335, 33¢ with respect to
the axle support section 33a. Therefore, the operator can
casily perform an assembling work for the knuckle member
33 while realizing the knuckle member 33 with a compact
coniiguration.

The knuckle member 33 includes an angular displacement
member coupling section 33/, An angular displacement
member which 1s angularly displaceable around the steering
axis line X together with the knuckle member 33 1s coupled
to the angular displacement member coupling section 33/
The angular displacement member includes a speed sensor
and the steering mechanism 11 of the motorcycle 1, and 1s
not limited to these.

The angular displacement member coupling section 33/1s
disposed 1n front of the axle support section 33a. The
angular displacement member coupling section 33/ extends
to the first side in the vehicle width direction from the axle
support section 33a. The angular displacement member
coupling section 33/ includes a forward extension portion
33r connected to the axle support section 33q and extending
torward from the axle support section 33q, and an upward/
downward extension portion 33¢ connected to the forward
extension portion 337 and extending upward and downward
from the forward extension portion 33~

The forward extension portion 337 extends forward from
the axle support section 33a¢ and to the first side 1n the
vehicle width direction. The front end portion of the forward
extension portion 337 1s located forward of the front end
portion of the support member 30 with a space between
them. The front end portion of the forward extension portion
33~ 1s disposed on the first side in the vehicle width direction
relative to the steering axis line X. In the present embodi-
ment, the front end portion of the forward extension portion
33~ 1s located on the first side 1n the vehicle width direction
relative to the two supported sections 335, 33¢. The front
end portion of the forward extension portion 33 1s located
on the first side in the vehicle width direction, relative to a
rotary component (described later). Most part of the forward
extension portion 33~ 1s located 1n a space that 1s radially
inward of an outer member 47 of the rotary component
coupling member 40.

The upward/downward extension portion 33¢ 1s disposed
on the first side 1n the vehicle width direction, relative to the
rotary component, and extends 1n the upward and downward
direction from the forward extension portion 33r. In the
present embodiment, the upward/downward extension por-
tion 33¢g extends upward and downward from the forward
extension portion 33x

In the present embodiment, an upper portion of the
upward/downward extension portion 33¢, extending upward
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from the forward extension portion 337, extends forward 1n
the direction perpendicular to the steering axis line X. In
other words, the upper portion of the upward/downward
extension portion 33¢ 1s inclined 1n the upward direction as
it extends in the forward direction. With this shape, the
upward/downward extension portion 33g can be placed 1n a
relatively wide space formed in front of the steering axis line
X, the stiflness of the knuckle member 33 can be increased,
and interference between the knuckle member 33 and the
adjacent member can be prevented.

The steering mechanism 11 1s coupled to the upper
portion of the upward/downward extension portion 33¢g. In
the present embodiment, the upper portion of the upward/
downward extension portion 33¢g has a side surface extend-
ing 1n the upward and downward direction, on the first side
in the vehicle width direction, relative to the steering axis
line X. A plurality of bolt holes are formed 1n the side surface
of the upper portion of the upward/downward extension
portion 33¢ to fasten a first arm member 20 (see FIG. 8) of
the steering mechanism 11 to the knuckle member 33. The
first arm member 20 1s coupled to the upward/downward
extension portion 33¢ by use of fastening members inserted
through the plurality of bolt holes, respectively.

A speed sensor, brake calipers 8 (see FIG. 1), a speed
sensor wire, a brake hose, and the like are fastened to the
upward/downward extension portion 33¢g. The lower portion
of the upward/downward extension portion 33¢, extending
downward from the forward extension portion 337, has a
side surface extending in the upward/downward direction,
on the first side 1n the vehicle width direction, relative to the
steering axis line X. A sensor insertion hole and a bolt hole
used to fasten the speed sensor to the knuckle member 33 are
formed 1n the side surface of the lower portion of the
upward/downward extension portion 33¢g. The speed sensor
1s coupled to the upward/downward extension portion 33¢q
by use of the fastening member 1nserted into the bolt hole,
in a state 1n which the speed sensor 1s 1inserted 1into the sensor
insertion hole.

The brake caliper 8 1s configured to brake the rotation of
the front wheel 3. In the present embodiment, two brake
calipers 8 are fastened to the upward/downward extension
portion 33g. Specifically, the two brake calipers 8 are
disposed 1n front of the axle support section 33a of the
knuckle member 33. The two brake calipers (first and second
brake calipers) 8 are arranged on an upper side and a lower
side, respectively.

The first brake caliper 8 1s provided at the upper portion
of the upward/downward extension portion 33¢. The second
brake caliper 8 1s provided at the lower portion of the
upward/downward extension portion 33¢. The upper portion
of the upward/downward extension portion 33g has two
functions, which are a function of supporting the first brake
caliper 8 and a function of being coupled to the steering
mechanism 11. The upper portion of the upward/downward
extension portion 33¢ and the first brake caliper 8 extend 1n
the same direction. This makes 1t possible to prevent an
increase in the size of the knuckle member 33.

An air guide member 9 1s also fastened to the upward/
downward extension portion 33¢ to guide air to a brake disc
7 (described later). The air guide member 9 serves to guide
the air to a location of the brake disc 7 which 1s on a
downstream side of the brake caliper 8 1n a rotation direc-
tion. In the present embodiment, since the two brake calipers
8 are provided, the air guide member 9 1s disposed to guide
the air to a location of the brake disc 7 which 1s on a
downstream side of each of the brake calipers 8 in the
rotation direction.
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| Structure of Other Constituents of Motorcycle]

FIG. 5 15 an exploded perspective view showing members
which are arranged in the vicinity of the axle 14 of FIG. 1.
As shown 1n FIG. 5, the motorcycle 1 includes the rotary
component coupling member 40 used to couple the front
wheel 3 to the axle 14. The rotary component coupling
member 40 couples to the axle 14 the rotary component
rotatable around the axle line Q together with the axle 14.

The rotary component coupling member 40 includes an
inner member 46 and the outer member 47. The inner
member 46 has a disc shape. Specifically, the mnner member
46 has a tlange shape in which a through-hole 1s formed 1n
a radially inward region. The mnner diameter of the through-
hole 1s set to a value larger than the outer diameter of the
reduced-diameter portion 1456 of the axle 14. The reduced-
diameter portion 145 of the axle 14 i1s inserted into the
through-hole.

A first guide section 46a (see FIG. 2) 1s formed 1n the
periphery of the through-hole of the inner member 46, on the
second side 1n the axle line Q direction. The first guide
section 46a extends 1n a tubular shape 1n the axle line Q
direction and 1s configured to guide the front wheel 3. The
first guide section 46a 1s mserted 1nto the through-hole of the
outer member 47 and a wheel 15 attached on the front wheel
3.

A plurality of first and second insertion holes are formed
in a region of the mner member 46 that i1s radially outward
of the first guide section 46a, on the second side 1n the axle
line QQ direction. The plurality of first and second 1nsertion
holes are spaced apart from each other 1n the circumierential
direction of the through-hole of the inner member 46.
Concave/convex portions extending in the circumierential
direction are provided on the surface of the periphery of the
through-hole of the inner member 46, on the second side 1n
the axle line Q direction. The concave/convex portions serve
to prevent rotation of the outer member 47 around the axle
line Q relative to the mner member 46. The end surface of
the ring member 48, on the first side 1n the axle line QQ
direction, 1s configured to contact the surface of the inner
member 46 on the second side 1n the axle like @ direction.

The mner member 46 includes in the periphery of the
through-hole on the first side 1n the axle line Q direction, a
second guide section 4656 (see FIG. 2) which extends 1n a
tubular shape in the axle line Q direction, and guides the
reduced-diameter portion 145 of the axle 14 and a portion of

the body 14¢ of the axle 14. The second guide section 4656
1s 1nserted into the reduced-diameter portion 1456 of the axle
14 and a portion of the body 14¢ of the axle 14.

The outer member 47 has a substantially bottomed tube
shape which opens the inner space in one direction. More
specifically, the outer member 47 has a bowl shape having
an opening which opens the inner space from the first side
to the second side 1n the axle line QQ direction.

A through-hole 1s formed in a radially inward region of
the bottom portion of the outer member 47. A plurality of
third and fourth insertion holes are formed in a radially
outward region of the bottom portion of the outer member 47
in such a manner that the plurality of third and fourth
isertion holes are spaced apart from each other in the
circumierential direction of the through-hole. Concave/con-
vex portions are provided in the periphery of the through-
hole of the bottom portion of the outer member 47, on the
first side 1n the axle line Q direction. The concave/convex
portions of the outer member 47 are engageable with the
concave/convex portions of the imnner member 46 and are
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configured to be 1n surface contact with the radially outward
region of the mner member 46 on the second side 1n the axle
line QQ direction.

In a state 1n which the concave/convex portions of the
outer member 47 are engaged with the concave/convex
portions of the inner member 46, the first insertion holes are
aligned with the third insertion holes, respectively, and the
second insertion holes are aligned with the fourth insertion
holes, respectively. By use of fastening members inserted
into the first and third insertion holes, the outer member 47
and the imner member 46 are removably (detachably)
coupled to each other. In addition, by use of bolts B3 as the
fastening members which are inserted into the second and
fourth insertion holes, the outer member 47 and the inner
member 46 are removably (detachably) coupled to the wheel
15. In the present embodiment, the bolts B3 are inserted into
the second and fourth insertion holes from the second side
in the vehicle width direction, relative to the inner member
46.

The outer diameter of the outer member 47 increases from
the bottom portion toward the first side in the axle line Q
direction. The side portion of the outer member 47 has a
plurality of hollow portions arranged apart from each other
around the axle line ), to reduce the weight of the outer
member 47. The outer member 47 1s accommodated 1n the
iner space of the wheel 15.

The periphery of the opening of the outer member 47 has
a flange shape. The end surface of the periphery of the
opening of the outer member 47 on the first side 1n the axle
line Q direction 1s configured to be 1n surface contact with
the radially inward region of the brake disc 7 on the second
side 1n the axle line Q direction. A plurality of female threads
are provided in the end surface of the periphery of the
opening of the outer member 47 on the first side 1n the axle
line Q direction 1n such a manner that the female threads are
arranged apart from each other 1n the circumierential direc-
tion of the through-hole of the outer member 47.

The brake disc 7 1s formed with a plurality of fifth
insertion holes at locations corresponding to the plurality of
female threads of the outer member 47, respectively. Fas-
tening members are inserted into the plurality of fifth
insertion holes and threadingly engaged with the plurality of
female threads of the outer member 47. By fastening the
fastening members inserted into the fifth insertion holes of
the brake disc 7 to the female threads of the outer member
4’7, the outer member 47 and the brake disc 7 are removably
(detachably) coupled to each other.

As described above, the inner member 46 1s provided with
the axle coupling section to be coupled to the axle 14. The
outer member 47 1s provided with the rotary component
coupling section which 1s connected to the axle coupling
section and to which the rotary component rotatable around
the axle line Q together with the axle 14 1s coupled, and the
steered wheel coupling section to which the steered wheel 1s
coupled. Alternatively, the outer member 47 and the inner
member 46 may be integrated.

The front wheel 3 has a shape in which a surface facing
the ground surface 1s curved, when viewed from the radial
direction of the front wheel 3. Specifically, the outer diam-
cter of the front wheel 3 increases from the end surface in the
vehicle width direction toward the center in the vehicle
width direction. The steering axis line X 1s set to pass
through the center of the front wheel 3 1n the vehicle width
direction. This makes 1t possible to prevent a situation 1n
which steering torque provided by the rider for steering in
the rightward and leftward direction becomes non-uniform
in the rightward and leftward direction.
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The wheel 15 supports the front wheel 3 from a radially
inward side thereof. The wheel 15 includes a mounting
section 15a, a plurality of coupling sections 155, and a rim
section 15¢. The mounting section 15q 1s disposed radially
inward of the outer peripheral surface of the front wheel 3,
and coupled to the rotary component coupling member 40.
The mounting section 15a 1s disposed on the second side 1n
the vehicle width direction relative to the steering axis line
X. The mounting section 15a has a through-hole 1into which
the ring member 48 1s insertable from the second side toward
the first side 1n the axle line Q direction. A plurality of sixth
insertion holes are formed 1n the peripheral portion of the
through-hole of the mounting section 15«4 and arranged in
the circumierential direction of the through-hole.

The bolts B3 inserted into the second and fourth 1nsertion
holes are inserted into the sixth insertion holes of the
mounting section 15aq. In other words, the wheel 15 1s
coupled to the rotary component coupling member 40 1n the
periphery of the through-hole of the mounting section 15a.
The wheel 15 1s removably (detachably) coupled to the
rotary component coupling member 40 from the second side
in the vehicle width direction. This allows the front wheel 3
to be removably coupled to the steered wheel coupling
section of the rotary component coupling member 40, from
the second side 1n the vehicle width direction.

Specifically, the mounting section 135a 1s formed with a
plurality of depressed (recessed) regions which are arranged
in the circumiferential direction of the through-hole, and
depressed 1n the direction from the second side in the axle
line Q direction toward the first side 1n the axle line Q
direction. The sixth insertion holes are formed inside the
depressed regions, respectively. In the present embodiment,
nuts which are engageable with the bolts B3 are accommo-
dated 1n the depressed regions, respectively, when the wheel
15 1s coupled to the rotary component coupling member 40
by use of the bolts B3.

The plurality of coupling sections 1556 are disposed apart
from each other around the axle line Q and extend from the
mounting section 15a 1n a radially outward direction of the
front wheel 3. The plurality of coupling sections 156 couple
the mounting section 15a to the rim section 15¢. The
plurality of coupling sections 1355 are disposed outward in
the vehicle width direction relative to the outer member 47.
The mounting section 15a and the plurality of coupling
section 156 are disposed in the wheel 15 on the second side
in the vehicle width direction. In this structure, the wheel 15
has an mner space disposed on the second side in the vehicle
width direction, relative to the mounting section 13a and the
plurality of coupling sections 155.

The rim section 135¢ 1s connected to the end portions of the
plurality of coupling sections 155, the end portions being on
a side opposite to a side where the mounting section 15a 1s
located, and mounted on the radially inward region of the
front wheel 3. The rim section 15¢ includes a portion
extending in the vehicle width direction 1n such a manner
that the steering axis line X lies within this portion in the
vehicle width direction. In the present embodiment, the
center of the rim section 15¢ in the vehicle width direction
1s located on the steering axis line X.

The two supported sections 335, 33c¢ are disposed inward
in the radial direction of the axle 14, relative to the rotary
component coupling member 40 and the rotary component.
This makes 1t possible to prevent interference between the
supported sections 33b, 33c¢, and the rotary component
coupling member 40 and the rotary component. In addition,
design flexibility of the rotary component coupling member
40 and the rotary component can be improved.
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The rotary component 1s rotatable around the axle line QQ
together with the axle 14. The rotary component coupling
member 40 1s rotatable together with the front wheel 3 at a
location that 1s radially inward relative to the outer periph-
eral surface of the front wheel 3, when viewed from the axle
line QQ direction, and configured to transmit the rotation of
the front wheel 3 to the rotary component. Although in the
present embodiment, the rotary component includes the
brake disc 7 and a pulse rotor disc 10 (described later), the
rotary component 1s not limited to these.

The axle 14 1s inserted into a region between the pair of
axle bearings 44 and the through-hole of the inner member
46, from the first side in the axle line Q direction. The female
thread of the ring member 48 1s threadingly engaged with the
male thread of the reduced-diameter portion 145 of the axle
14, from the second side 1n the axle line Q direction. This
allows the axle 14 and the inner member 46 to be removably
(detachably) coupled to the knuckle member 33. By remov-
ing (detaching) the ring member 48 from the axle 14 on the
second side 1n the vehicle width direction, the axle 14 can be
removed (detached) from the inner member 46 and the
knuckle member 33.

In a state 1n which the mner member 46 1s coupled to the
axle 14 and the outer member 47 1s coupled to the inner
member 46, the protruding sections 30a, 3056 of the support
member 30, the axle support section 33a, the insertion
sections 33d, the supported sections 33b, 33¢, and the
forward extension portion 337 of the angular displacement
member coupling section 33/, of the knuckle member 33, are
accommodated 1n the mner space of the outer member 47. In
other words, the upward/downward extension portion 33g of
the angular displacement member coupling section 33/ and
a portion of the support member 30 which 1s other than the
protruding sections 30a, 3056 of the support member 30 are
located in a region outside the mnner space of the outer
member 47.

As shown 1n FIG. 5, the motorcycle 1 includes the brake
disc 7 and the pulse rotor disc 10. The brake disc 7 1is
configured to transmit a braking force of the brake caliper 8
to the front wheel 3. The brake disc 7 has an annular shape.
The brake disc 7 1s disposed on the first side 1n the vehicle
width direction relative to the outer member 47. The brake
disc 7 1s disposed inward relative to the outer position of the
front wheel 3 1n the vehicle width direction.

When viewed from the axle line Q direction, the brake
disc 7 1s disposed radially mmward of the outer peripheral
surtace of the front wheel 3. In a state 1n which the brake disc
7 1s coupled to the outer member 47, the outer peripheral
portion of the brake disc 7 i1s disposed outside the outer
peripheral portion of the outer member 47.

The pulse rotor disc 10 1s used to calculate traveling speed
of the motorcycle 1. The pulse rotor disc 10 has an annular
shape. The pulse rotor disc 10 1s disposed on the first side 1n
the vehicle width direction relative to the outer member 47.
The pulse rotor disc 10 1s disposed inward relative to the
outer position of the front wheel 3 in the vehicle width
direction.

When viewed from the axle line Q direction, the pulse
rotor disc 10 1s disposed radially inward of the brake disc 7.
The pulse rotor disc 10 1s rotatable together with the front
wheel 3. The pulse rotor disc 10 1s disposed on the first side
in the vehicle width direction relative to the brake disc 7.
The outer peripheral portion of the pulse rotor disc 10 1is
removably (detachably) coupled to the inner peripheral
portion of the brake disc 7 by use of fastening members. In
a state 1n which the pulse rotor disc 10 1s coupled to the
brake disc 7 and the brake disc 7 1s coupled to the outer
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member 47, the inner peripheral portion of the pulse rotor
disc 10 1s disposed inward, relative to the inner peripheral
portion of the outer member 47.

The pulse rotor disc 10 1s provided with a plurality of
openings at equal intervals in the circumierential direction.
The speed sensor reads the rotational speed of the pulse rotor
disc 10 by use of the plurality of openings provided 1n the
pulse rotor disc 10. The pair of protruding sections 30a, 3056
of the support member 30 are inserted into the radially
inward space of the brake disc 7 and the pulse rotor disc 10,
in a direction from the first side 1n the axle line Q direction
toward the second side 1n the axle line QQ direction.

FIG. 6 1s a perspective view showing the front wheel 3 of
FI1G. 1, when viewed from the left and the front. As shown
in FIGS. 1, 5 and 6, the air guide member 9 1s disposed
forward of the axle 14 and extends in the upward and
downward direction. The air guide member 9 1s disposed on

the first side in the vehicle width direction relative to the
brake disc 7.

The air guide member 9 includes a pair of duct sections
9a, 96 (upper duct section 9a and lower duct section 956), and
a connection section 9¢. The pair of duct sections 9a, 95
serve to guide the air from a region on the first side in the
vehicle width direction relative to the brake disc 7 toward
the brake disc 7. Specifically, the pair of duct sections 9a, 95
capture the air flowing from the front to the rear during
traveling of the motorcycle 1 and guide the air toward the
brake disc 7. In this way, the pair of duct sections 9a, 95
guide the air to the brake disc 7 disposed inward relative to
the outer position of the front wheel 3 1n the vehicle width
direction.

In the present embodiment, the upper duct section 9a 1s
disposed between the first and second brake calipers 8. The
lower duct section 956 1s disposed below the second brake
caliper 8. The connection section 9c¢ 1s disposed between the
pair ol duct sections 9a, 956 and connects the pair of duct
sections 9a, 9b to each other in the upward and downward
direction.

Openings 94 of the upper duct section 9a and the lower
duct section 95 face 1n the forward direction. The upper duct
section 9a serves to guide the air to the surface region of the
brake disc 7, whose temperature has been elevated due to the
contact with the first brake caliper 8. The lower duct section
956 serves to guide the air to the surface region of the brake
disc 7 whose temperature has been eclevated due to the
contact with the second brake caliper 8.

As described above, the wheel 135 1s coupled to the rotary
component coupling member 40 from the second side 1n the
vehicle width direction, by use of the plurality of bolts B3
inserted into the second, fourth and sixth insertion holes 1n
the direction from the first side in the vehicle width direction
toward the second side in the vehicle width direction.
Therefore, for example, by loosening the nuts fastened to the
bolts B3 {from the second side 1n the vehicle width direction,
the front wheel 3 can be easily detached (dismounted) from
the rotary component coupling member 40 while preventing
interference with the support member 30.

The outer member 47 and the inner member 46 are
coupled to each other by the fastening members inserted into
the first and third insertion holes. Therefore, even 1n a case
where the front wheel 3 1s detached from the rotary com-
ponent coupling member 40, a coupling state between the
inner member 46 and the outer member 47 can be main-
tained. In other words, 1n a case where the front wheel 3 1s
detached from the rotary component coupling member 40, 1t
1s not necessary to remove the other constituents.
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In a state 1n which the front wheel 3 1s detached from the
rotary component coupling member 40, the rotary compo-
nent coupling member 40 can be detached from the knuckle
member 33 in the direction toward the second side in the
vehicle width direction. Therefore, for example, 1n a case
where a maintenance work for the front wheel 3, the brake
disc 7, the brake calipers 8, and the like 1s performed, the
maintenance work can be performed from the second side in
the vehicle width direction, while preventing interference
with the support member 30.

Since the upward/downward extension portion 33¢ of the
knuckle member 33 extends from the axle support section
33a toward the first side 1n the vehicle width direction, a
work for mounting and detaching (dismounting) the front
wheel 3 can be easily performed, while preventing interter-
ence with the angular displacement member.

FI1G. 7 1s a left side view showing the front portion of the
support member 30 of FIG. 1. FIG. 7 shows the knuckle
member 33 and the front portion of the support member 30
in a state in which the front wheel 3 and the air guide
member 9 are detached (removed). As shown 1n FIGS. 6 and
7, the knuckle member 33 has a dimension and a shape so
that the knuckle member 33 does not interfere with the pulse
rotor disc 10. The angular displacement member coupling
section 33/ extends in such a manner that 1t 1s gently curved,
from the front side of the axle support section 33a toward the
first side 1n the vehicle width direction. Then, the angular
displacement member coupling section 33/ extends upward.
With this structure, 1t becomes possible to avoid the angular
displacement member coupling section 33/ from 1nterfering
with the brake disc 7, the pulse rotor disc 10, and the support
member 30.

As shown in FIG. 5, the inner surface of the support
member 30 1n the vehicle width direction 1s curved outward
in the vehicle width direction, 1in a direction from the front
to the rear. This makes 1t possible to prevent a situation in
which a portion of the front wheel 3 which 1s located
rearward of the axle 14, the brake disc 7, the pulse rotor disc
10, and the like interfere with the support member 30, during
steering of the front wheel 3.

The outer surface 1n the vehicle width direction, of the
front portion of the support member 30, 1s inclined outward
in the vehicle width direction, as 1t extends from the front to
the rear. This makes it possible to prevent a situation in
which the forward extension portion 337 and the upward/
downward extension portion 33¢ of the knuckle member 33,
which are located 1n front of the axle 14, the brake disc 7,
the pulse rotor disc 10, and the like interfere with the support
member 30, during steering of the front wheel 3.

As shown 1n FIG. 1, the vehicle body 2 includes a frame
structure extending 1n the forward and rearward direction.
The vehicle body 2 includes a head pipe 2a. The head pipe
2a extends 1n the upward and downward direction, at the
front side of the vehicle body 2. A steering stem 16 (see FIG.
8) of the steering member 6 1s 1nserted into the head pipe 2a.
The driving power source 5 1s mounted on the vehicle body
2.

FIG. 8 1s a perspective view showing the motorcycle 1 of
FIG. 1, when viewed from the right and the front. As shown
in FIGS. 1 and 8, the motorcycle 1 includes the steering
mechanism 11, the front wheel support structure 12, and a
handle 18. The handle 18 1s coupled to the steering member
6.

The steering mechamism 11 i1s apart from the support
member 30. The steering mechanism 11 1s used to steer the
front wheel 3. The steering mechanism 11 includes the
steering member 6, a first arm member 20, a first shaft

10

15

20

25

30

35

40

45

50

55

60

65

24

member 21, a first coupling member 22, a second shaft
member 23, a third shaft member 24, a pair of second arm
members 25, and a second coupling member 26.

The steering member 6 includes the steering stem 16. The
steering stem 16 extends in the upward and downward
direction. The steering stem 16 1s supported by the head pipe
2a 1n such a manner that the steering stem 16 is rotatable
within a predetermined range around an axis line (herein-
after will be referred to as a stem axis line Y) of the head
pipe 2a. The lower end of the steering stem 16 1s coupled to
the steering mechanism 11. The handle 18 1s rotated within
the predetermined range around the stem axis line Y together
with the steering stem 16, and thus the front wheel 3 1s
steered.

The first arm member 20 i1s coupled to the upward/
downward extension portion 33¢ of the angular displace-
ment member coupling section 33/. The first arm member 20
extends 1n the upward and downward direction, on the first
side 1n the vehicle width direction relative to the brake disc
7. The first arm member 20 also extends from the first side
in the vehicle width direction toward the second side 1n the
vehicle width direction, 1n a region above the front wheel 3.
When viewed from the axle line Q direction, the first arm
member 20 1s inclined 1n the rearward direction as it extends
in the upward direction. The first arm member 20 and the
first brake caliper 8 extend in the same direction. The lower
portion of the first arm member 20 1s coupled to the upper
portion of the upward/downward extension portion 33g. A
mud guard (ifront fender) of the front wheel 3 1s coupled to
the upper portion of the first arm member 20.

A pair of coupling sections 20q are provided at the upper
portion of the first arm member 20 1n such a manner that the
coupling sections 20a are spaced apart from each other in the
axle line QQ direction. The pair of coupling sections 20a are
formed with insertion holes 206, respectively, extending 1n
the axle line Q direction. The first shaft member 21 1s
inserted into the insertion holes 2056 1n such a manner that
the first shaft member 21 i1s rotatable around i1ts axis.
Brackets 27 are coupled to the both ends of the first shatt
member 21.

The first coupling member 22 extends in the upward and
downward direction, at a location that 1s rearward of the first
arm member 20. A pair of coupling sections 22a are pro-
vided at the lower end of the first coupling member 22 in
such a manner that the coupling sections 22a are spaced
apart from each other in the axle line Q direction. The pair
of coupling sections 22a are formed with insertion holes

22b, respectively, extending in the axle line Q direction. The
second shait member 23 1s 1nserted 1nto the msertion holes
22b 1n parallel with the first shait member 21 1n such a
manner that the second shait member 23 1s rotatable around
its axis. Brackets 27 are coupled to the both ends, respec-
tively, of the second shait member 23.

A pair of coupling sections 22¢ are provided at the upper
end of the first coupling member 22 in such a manner that
the coupling sections 22¢ are spaced apart from each other
in the axle line Q direction. The coupling sections 22c¢ are
formed with 1nsertion holes 224 extending 1n the axle line O
direction. The third shaft member 24 1s inserted into the
insertion holes 224 1n parallel with the first shait member 21
in such a manner that the third shait member 24 1s rotatable
around 1ts axis.

The pair of second arm members 25 extend in the forward
and rearward direction 1n a region between the first arm
member 20 and the first coupling member 22 in such a
manner that the second arm members 235 are spaced apart
from each other in the axle line Q direction. The front ends
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of the pair of second arm members 25 are coupled to the
brackets 27, respectively, provided at the both ends of the
first shaft member 21. The rear ends of the pair of second
arm members 25 are coupled to the brackets 27 provided at
the both ends, respectively, of the second shaft member 23,
respectively.

The lengthwise direction of the pair of second arm
members 25, and the axial directions of the first shaft
member 21 and the second shaft member 23 are along the
same plane. When viewed from a direction perpendicular to
this plane, the pair of second arm members 25 are coupled
to the brackets 27, respectively, in such a manner that the
second arm members 25 are angularly displaceable within
this plane. When viewed from the axle line Q direction, a
coupling portion P at which the first arm member 20 1is
coupled to the second arm members 235 1s located on the
steering axis line X.

The second coupling member 26 extends in the axle line
Q direction, 1n a region between the pair of coupling sections
22¢. The second coupling member 26 1s inserted 1nto the
third shaft member 24 1 such a manner that the second
coupling member 26 1s rotatable around the axis of the third
shaft member 24. The upper portion of the second coupling
member 26 1s coupled to the lower end of the steering stem
16.

When the steering stem 16 1s rotated around the stem axis
line Y together with the handle 18, the pair of second arm
members 25 are angularly displaced with respect the brack-
ets 27, respectively, within the above-described plane, the
steering torque provided by the rider to the steering stem 16
1s transmitted to the second coupling member 26, the first
coupling member 22, the pair of second arm members 25,
and the first arm member 20 1n this order, and the steering
mechanism 11 1s rotated around the stem axis line Y together
with the steering stem 16 1n the same direction. According,
to this rotation, the steering torque provided by the rider 1s
transmitted to the front wheel 3, and the front wheel 3 1is
steered around the steering axis line X.

The center of rotation of the first shaft member 21 and the
center of rotation of the second shaft member 23 1n a case
where the steering mechanism 11 1s rotated around the stem
axis line Y are located on a plane including the steering axis
line X and being perpendicular to the vehicle width direc-
tion. The center of rotation of the first shait member 21 1s set
to be shifted within a plane perpendicular to the vehicle
width direction. The first arm member 20 1s provided so that
the center of rotation of the first shaft member 21 1s located
on the steering axis line X.

When viewed from the axle line QQ direction, the coupling
portion P 1s located on the steering axis line X. In this
configuration, 1t becomes possible to prevent a situation 1n
which the first arm member 20 1s deformed or distorted 1n a
region between a lowermost portion of the first arm member
20 which 1s coupled to the knuckle member 33 and portions
of the first arm member 20 at which the pair of coupling
sections 20a are provided, during steering of the front wheel
3. In this way, 1n the motorcycle 1, the front wheel 3 can be
steered with low torque.

Since the steering mechanism 11 has the parallel link
structure, deformation or distortion of the first arm member
20 can be prevented compared to a case where the steering
mechanism 11 has a cantilever link structure. Therefore, the
front wheel 3 can be easily steered according to the rider’s
handle operation.

In a case where an external force 1s applied to the front
wheel 3 in the upward and downward direction, the shape of
the steering mechanism 11 i1s changed so that an angle of a
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coupling portion at which the first arm member 20 1s coupled
to the second arm members 25 1s changed around the axis of
the first shatt member 21, an angle of a coupling portion at
which the second arm members 25 are coupled to the first
coupling member 22 1s changed around the axis of the
second shaft member 23, and an angle of a coupling portion
at which the first coupling member 22 i1s coupled to the
second coupling member 26 1s changed around the axis of
the third shaft member 24. Thus, even 1n a case where the
external force 1s applied to the front wheel 3 1n the upward
and downward direction, the front wheel 3 can be stably
steered by the steering mechanism 11.

By changing a ratio of a length between the first shaft
member 21 and the second shaft member 23, 1t becomes
possible to adjust the amount of rotation of the front wheel
3 around the steering axis line X 1n a case where the handle
18 1s rotated to a certain amount around the stem axis line
Y. For example, 1n a case where the length of the first shaft
member 21 and the length of the second shaft member 23 are
set to an almost equal value, the amount of rotation of the
handle 18 1n a case where the handle 18 1s rotated to a certain
amount around the stem axis line Y and the amount of

rotation of the front wheel 3 around the steering axis line X
can be set to an almost equal value.

If the length of the first shait member 21 1s set shorter than
the length of the second shait member 23, it becomes
possible to reduce the amount of rotation of the front wheel
3 around the steering axis line X, corresponding to the
amount of rotation of the handle 18 1n a case where the
handle 18 1s rotated to a certain amount around the stem axis
line Y If the length of the first shait member 21 is set longer
than the length of the second shait member 23, it becomes
possible to imncrease the amount of rotation of the front wheel
3 around the steering axis line X, corresponding to the
amount of rotation of the handle 18 in a case where the
handle 18 is rotated to a certain amount around the stem axis
line Y.

The front wheel support structure 12 1s a steered wheel
support structure of the motorcycle 1. As shown 1n FIG. 1,
specifically, the front wheel support structure 12 includes the
support member 30, the pair of link mechamisms 31, a
damper member 32, and the knuckle member 33.

The pair of link mechanisms 31 are disposed on both sides
of the vehicle body 2 in the vehicle width direction. The pair
of link mechanisms 31 are coupled to the vehicle body 2 and
support the support member 30. Each of the pair of link
mechanisms 31 includes a pair of third arm members 35, a
pair of fourth arm members 36, a rod member 37, and a bell
crank member 38.

The pair of third arm members 335 are arranged on an
upper side and a lower side, respectively, and extend from
the rear end of the support member 30 1n the forward and
rearward direction. When viewed from the vehicle width
direction, the rear ends of the pair of third arm members 35
are coupled to the front ends of the pair of fourth arm
members 36, respectively in such a manner that the pair of
third arm members 33 1s angularly displaceable.

The pair of fourth arm members 36 are arranged on an
upper side and a lower side, respectively. The front ends of
the pair of fourth arm members 36 are coupled to the rear
ends of the pair of third arm members 35, respectively 1n
such a manner that the pair of fourth arm members 36 are
angularly displaceable, when viewed from the vehicle width
direction. The pair of fourth arm members 36 extend 1n the
torward and rearward direction. The rear ends of the pair of
fourth arm members 36 are coupled to the vehicle body 2 1n
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such a manner that the pair of fourth arm members 36 are
angularly displaceable, when viewed from the vehicle width

direction.

The rod member 37 extends in the upward and downward
direction, at a location that 1s above the support member 30.
When viewed from the vehicle width direction, the lower
end of the rod member 37 1s coupled to the rear end of the
upper third arm members 35 1n such a manner that the rod
member 37 1s angularly displaceable. The upper end of the
rod member 37 1s coupled to one end of the bell crank
member 38 1n such a manner that the rod member 37 1s
angularly displaceable, when viewed from the vehicle width
direction.

When viewed from the front of the vehicle body 2, a first
end of the bell crank member 38 1s supported by the vehicle
body 2 in such a manner that the bell crank member 38 1s
angularly displaceable. When viewed from the front of the
vehicle body 2, a second end of the bell crank member 38
1s coupled to a first end of the damper member 32 1n a
lengthwise direction 1n such a manner that the bell crank
member 38 1s angularly displaceable. The damper member
32 1s disposed above the support member 30 and 1s extend-
able and contractible.

In each of the pair of link mechanisms 31, 1n a case where
an external force 1s applied to the front wheel 3 in the
upward and downward direction, the support member 30 1s
pivotable upward and downward around the above-de-
scribed pivot axis line, from portions of the pair of fourth
arm members 36 which are coupled to the vehicle body 2,
together with the pair of third arm members 35 and the pair
of fourth arm members 36.

In a case where an upward external force 1s applied to the
front wheel 3, and the rod member 37 1s pushed 1n the
upward direction by the upper third arm member 35, the
portion of the bell crank member 38 which 1s supported by
the vehicle body 2 1s angularly displaceable relative to the
vehicle body 2, and the bell crank member 38 compresses
the damper member 32. In this way, an impact generated by
the external force applied to the front wheel 3 1s buflered
(mitigated) by the damper member 32. The support member
30 may be mdirectly coupled to the vehicle body 2 via a
mechamism or members which are other than the link
mechanisms 31, or directly coupled to the vehicle body 2.

Modified Example

The present mvention 1s not limited to the above-de-
scribed embodiment, and the configuration can be changed,
added or deleted within the scope of the invention. The first
side 1n the vehicle width direction and the first side 1n the
axle line Q direction may be the right side of the motorcycle
1. and the second side 1n the vehicle width direction and the
second side 1n the axle line Q direction may be the left side
of the motorcycle 1.

The steering axis line X may extend in the upward and
downward direction at a location that 1s 1n front of the axle
line Q. The steering axis line X may extend 1n the vertical
direction. The axle line Q and the steering axis line X may
cross each other.

The steered wheel 1s not limited to the front wheel of the
vehicle. The vehicle 1s not limited to the straddle vehicle
(straddle-type vehicle). The vehicle may be an electric
vehicle. In a case where the vehicle i1s the electric vehicle,
the electric vehicle may include an in-wheel motor. The
vehicle may have a structure in which the dniving power
source 5 1s supported by the vehicle body 2 1n such a manner
that the driving power source 3 1s pivotable upward and
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downward. The driving power source 3 may be an electric
motor which generates driving power for allowing the
straddle vehicle to travel, or may include an engine which
generates driving power for allowing the straddle vehicle to
travel and the electric motor.

The number of brake calipers 8 may be one. The pulse
rotor disc 10 may be omitted. The steering mechanism 11
may have a structure different from the above-described
structure. For example, the steering mechanism 11 may have
a structure 1in which the knuckle member 33 1s angularly
displaced around the steering axis line X, by a wire via
which the rotation of the handle 18 around the stem axis line
Y 1s transmitted to the knuckle member 33, or may include
a link mechanism including the constituents diflerent from
the constituents 20 to 27.

The front wheel support structure 12 1s not limited to a
structure of a hub steering type. For example, the front wheel
support structure 12 may be a structure of a swing arm type,
including a swing arm pivotally mounted on the vehicle
body 2, or a structure of a front fork type, including front
forks extending in the upward and downward direction,
instead of the link mechanism.

The axle 14 may be a solid shait member. The axle 14 and
the wheel 15 may be integrated. The bolts B3 may be
inserted into the sixth, fourth, and second insertion holes,
from the second side 1n the vehicle width direction toward
the first side 1n the vehicle width direction. In this case, the
head portion of the bolt B3 may be accommodated 1n the
depressed region of the mounting section 15a. At least one
of a brake hose and the wire of the speed sensor may be
secured to the first arm member 20.

The support member 30 may support the front wheel 3
from both sides in the vehicle width direction. The support
member 30 may have a structure for supporting the knuckle
member 33 from both sides in the vehicle width direction.
The support member 30 may be directly connected to the
vehicle body 2.

At least one of the two supported sections 335, 33¢ may
be integrated with the support member 30. In this case, it 1s
necessary to provide in the knuckle member 33 a support
section which supports the supported section integrated with
the support member 30, of the two supported sections 335,
33c¢ 1n such a manner that the supported section 1s angularly
displaceable around the steering axis line X.

At least one of the two supported sections 335, 33¢ may
not overlap with the axle 14 in the forward and rearward
direction, when viewed from the upward and downward
direction, or may overlap with the axle support section 33a
in the forward and rearward direction, when viewed from the
upward and downward direction.

The number of the displacement inhibiting elements 1s not
limited to two and may be one. The present invention
includes a case where the displacement 1inhibiting elements
and displacement inhibiting structures for inhibiting dis-
placement of the two supported sections 335, 33¢ with
respect to the axle support section 33a are omitted, so long
as the two supported sections 33b, 33¢ can be firmly
fastened to the insertion sections 33d, respectively, without
using the displacement inhibiting elements.

The bearing structure provided in the vehicle may have
another known structure diflerent from the structure
described above. The steering bearings 45 may not be fitted
into the protruding sections 30a, 305 of the support member
30 and may be fitted into the knuckle member 33. In this
case, for example, a shaft portion extending in the steering
axis line X direction toward the axle 14 may be provided at
at least one of the protruding sections 30a, 305, and the outer
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peripheral surface of this shait portion may be secured to the
inner side of the steering bearing 45.

Numerous modifications and alternative embodiments of
the present invention will be apparent to those skilled in the
art 1n view of the foregoing description. Accordingly, the 5
description 1s to be construed as illustrative only, and 1s
provided for the purpose of teaching those skilled 1n the art
the best mode of conveying out the mvention. The details of
the structure and/or function may be varied substantially
without departing from the spirit of the invention.

The 1invention claimed 1is:

1. A steered wheel support structure of a vehicle, the
steered wheel support structure comprising:

a knuckle member which supports an axle of a steered
wheel 1n such a manner that the axle 1s rotatable around
an axle line; and

a support member which 1s coupled to a vehicle body and
supports the knuckle member from a first side in a
vehicle width direction in such a manner that the
knuckle member 1s angularly displaceable around a
steering axis line extending i an upward and down-
ward direction,

wherein the knuckle member includes:

an axle support section which supports the axle; and

two supported sections which are disposed on both sides
in the upward and downward direction, of at least a
portion of the axle support section, the two supported
sections facing each other and being spaced apart from
cach other 1n the upward and downward direction, and

wherein the two supported sections are supported by the
support member 1n such a manner that the two sup-
ported sections are angularly displaceable around the
steering axis line, relative to the support member.

2. The steered wheel support structure of the vehicle,

according to claim 1,

wherein the two supported sections include an upper
supported section and a lower supported section,

wherein the upper supported section extends upward from
the axle support section along the steering axis line,

wherein the lower supported section extends downward
from the axle support section along the steering axis
line, and

wherein the upper supported section and the lower sup-
ported section are supported by the support member by
use of bearings, respectively, which are placed coaxi-
ally with the steering axis line in such a manner that the
upper supported section and the lower supported sec-
tion are angularly displaceable around the steering axis
line.

3. The steered wheel support structure of the vehicle,

according to claim 2,
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wherein at least one of the two supported sections 1s
removably mounted on the axle support section.
4. The steered wheel support structure of the vehicle,

according to claim 3,

wherein the knuckle member includes at least one 1nser-
tion section to which at least one of the two supported
sections 1s 1nsertable in a steering axis line direction.

5. The steered wheel support structure of the vehicle,

according to claim 3,

wherein a displacement 1inhibiting element 1s attached on
the knuckle member, from a second side 1n the vehicle
width direction, to inhibit at least one of the two
supported sections mounted on the axle support section
from being displaced with respect to the axle support
section.

6. The steered wheel support structure of the vehicle,

according to claim 1, further comprising;

a rotary component coupling member including an axle
coupling section coupled to the axle, and a rotary
component coupling section to which a rotary compo-
nent rotatable around the axle line together with the
axle 1s coupled, the rotary component coupling section
being connected to the axle coupling section,

wherein the two supported sections are disposed inward 1n
a radial direction of the axle, relative to the rotary
component coupling member and the rotary compo-
nent.

7. The steered wheel support structure of the vehicle,

according to claim 6,

wherein the support member supports the knuckle mem-
ber 1n a cantilever manner from the first side 1n the
vehicle width direction,

wherein the rotary component coupling member includes
a steered wheel coupling section to which the steered
wheel 1s coupled, and

wherein the steered wheel 1s removably coupled to the
steered wheel coupling section, from a second side 1n
the vehicle width direction.

8. The steered wheel support structure of the vehicle,

according to claim 1,

wherein the knuckle member includes an angular dis-
placement member coupling section to which an angu-
lar displacement member 1s coupled, the angular dis-
placement member being angularly displaceable
around the steering axis line together with the knuckle
member, and

wherein the angular displacement member coupling sec-
tion extends from the axle support section to the first
side 1n the vehicle width direction.
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